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Abstract
We discuss the parity-violating left-right asymmetries (LRAs) in Mo¨ller scattering at the Inter-
national Linear Collider (ILC) induced by doubly charged Higgs bosons in models with SU(2)L
triplet and singlet scalar bosons, which couple to the left- and right-handed charged leptons, re-
spectively. These bosons are important in scenarios for the generation of the neutrino mass. We
demonstrate that the contributions to the LRAs from the triplet and singlet bosons are opposite
to each other. In particular, we show that the doubly charged Higgs boson from the singlet scalar
can be tested at the ILC by using the resonance effect.
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The smallness of active neutrino masses is one of the most challenging problems in par-
ticle physics. The many interesting scenarios proposed to explain it can be divided into the
categories of ones with and without the right-handed neutrinos (RNs). For examples, the
small neutrino masses can be generated through the widely known seesaw mechanism [1, 2]
with the RNs embedded in new physics at a high energy scale, such as grand unified theo-
ries [3] and extra dimensions [4], while models with extended Higgs sectors can accomplish
the goal without the RNs [5, 6, 7, 8, 9, 10, 11]. The former is difficult to test directly due to
the fact that the RNs have no standard-model (SM) interactions and the latter gets many
interesting features, such as the existence of the doubly charged Higgs bosons H±± from
the triplet (singlet) coupling to the left- (right-) handed charged leptons to generate the
neutrino masses at tree [7] (two-loop) level [6, 9, 10, 11] radiatively.
In this paper, we show that it is possible to distinguish the models with these two types
of H±± by studying Mo¨ller scattering [12] of e−e− → e−e− at a linear e−e− collider, such as
the International Linear Collider (ILC) [13, 14]. With polarized initial electron beams, one
can define the parity-violating left-right asymmetry (LRA) [15] by
AP =
d σLL
d cos θ
− d σRR
d cos θ
d σLL
d cos θ
+ d σRR
d cos θ
, (1)
where LL and RR denote the initial e−e− polarizations, and θ is the angle between the
initial and final ee beams. As the asymmetry can be measured with high accuracy in the
process, it provides an excellent opportunity to probe new-physics effects. In particular, we
will demonstrate that the LRA is sensitive to the doubly charged Higgs bosons of H±± at
their mass poles.
We start by considering a complex triplet scalar HL ≡ T(2) with the subscript denoting
the hypercharge, which couples to the SU(2)L lepton doublets (LiL) [7]:
LL = gijLciLTLjL +H.c., (2)
and a singlet scalar HR ≡ Ψ(4) which couples to the SU(2)L charged lepton singlets (ℓiR) [9,
10, 11]:
LR = YijℓciRℓjRΨ+H.c., (3)
where gij and Yij are the coupling constants, i, j = e, µ, τ , and c stands for charge conjuga-
tion. The contributions in the SM and those with H−−α (α = L,R) to the Mo¨ller scattering
at tree level are shown in Fig. 1.
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FIG. 1: Feynman diagrams of the Mo¨ller scattering for the contributions from γ, Z and H−−α .
In the SM [16], the matrix elements for Mo¨ller scattering due to γ and Z are given by
Mγα =
e2
t
(e¯3γ
µPαe1)(e¯4γ
µPαe2)− e
2
u
(e¯4γ
µPαe1)(e¯3γ
µPαe2),
MZα =
C2α
t˜
(e¯3γ
µPαe1)(e¯4γ
µPαe2)− C
2
α
u˜
(e¯4γ
µPαe1)(e¯3γ
µPαe2), (4)
where PL(R) =
1
2
(1∓ γ5), a = t, u is for the Mandelstam variables, a˜ = a−M2Z and
CL =
g(1− 2 sin2 θW )
2 cos θW
, CR =
g sin2 θW
cos θW
. (5)
The non-SM interactions in Eqs. (2) and (3) can be combined into a single form with the
doubly charged Higgs bosons H++α and i = j = e as follows:
LHα = YαeeecPαeH++α +H.c. , (6)
which leads to
MHα = |Yαee|2(e¯c2Pαe1)
1
s−M2Hα − iMHαΓHα
(e¯4Pαe
c
3) , (7)
with the total widths [10]
ΓT = 3
[
ΓL(ℓ
±
i ℓ
±
i ) + ΓL(ℓ
±
i ℓ
±
j )i 6=j
]
+ ΓL(W
±W±) + ΓL(W
±P±) + ΓL(W
±W±T 0a ),
ΓΨ = 3
[
ΓR(ℓ
±
i ℓ
±
i ) + ΓR(ℓ
±
i ℓ
±
j )i 6=j
]
, (8)
where Yαee are new coupling constants related to gee and Yee, and
Γα(ℓ
±
i ℓ
±
j ) = (2− δij)
|Yαij|2
16π
MHα ,
ΓL(W
±W±) =
g4v2T
16πMT
√
1− 4M
2
W
M2T
(
3− M
2
T
M2W
+
M2T
4M2W
)
,
ΓL(W
±P±) =
g2M3T
16πM2W
λ3/2
(
1,
M2W
M2T
,
M2P
M2T
)
, (9)
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with λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz and P± and T 0a being the single-charged
and neutral components of the Higgs scalars, respectively. Note that the subscript a in T 0a
denotes the mass eigenstate, which is a mixture of the doublet and triplet bosons. The
three-body decay modes in Eq. (8) are expected to be relatively suppressed by the phase
space compared to the two-body ones. Note that we have assumed the particular model to
include either one of the two new interactions or both. Since the triplet scalar contains the
SM quantum numbers, the gauge interactions provide more decay channels for its doubly
charged component.
In the scenario with the interaction in Eq. (2), the neutrino masses are proportional to
gijvT , where vT denotes the VEV of T . However, from the neutrino oscillation data and
cosmological experiments there are restricting bounds on the neutrino masses, given by [17]
mν ∼ gijvT . 0.1 eV . (10)
On the other hand, the precision data of ρ = 1.0002+0.0007−0.0004 [16] result in a limit of vT that is
less than 4.41 GeV [10]. We shall use vT = 4 GeV in our numerical calculations.
The parity-violating LRA in Eq. (1) can now be rewritten as
AP =
∑
spin
|ML|2 −
∑
spin
|MR|2∑
spin
|ML|2 +
∑
spin
|MR|2 , (11)
where
∑
spin
|Mα|2 =
∑
spin
|Mα|2SM +
∑
spin
|MHα|2 . (12)
In Eq. (12), the SM contributions are
∑
spin
|Mα|2SM =
∑
spin
|Mγα|2 +
∑
spin
|MZα|2 +
(∑
spin
MγαM
†
Zα +
∑
spin
MZαM
†
γα
)
, (13)
where
∑
spin
|Mγα|2 =
[
2e2
s(t+ u)
tu
]2
,
∑
spin
|MZα|2 =
[
2Cα
s(t˜+ u˜)
t˜u˜
]2
,
∑
spin
MγαM
†
Zα =
∑
spin
MZαM
†
γα = 4e
2Cαs
2
[
1
tt˜
+
1
tu˜
+
1
ut˜
+
1
uu˜
]
, (14)
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and the non-SM ones due to the doubly charged Higgs bosons are
∑
spin
|MHα|2 = |Yαee|4 s
2
(s−M2Hα)2 +M2HαΓ2Hα
. (15)
An interesting point here is that the interference between the SM and the new interactions,
i.e., the vector–scalar interference term, vanishes in this calculation.
FIG. 2: AP versus cos θ for the energies around
√
s = 200 GeV (left) and 400 GeV (right) in
the SM (upper) and the models with the triplet (middle) and singlet (lower) scalar bosons, where
MHα = 200 GeV (left) and 400 GeV (right), respectively.
The results for AP versus cos θ are presented in Fig. 2 for the SM and the models with
the triplet and singlet bosons in the interactions of Eqs. (2) and (3), respectively. In the
figures (middle and lower), the resonance energies for the non-SM cases are considered, the
doubly charged Higgs boson masses are taken to be MHα = 200 (left) and 400 GeV (right)
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with the couplings |Yαee| = 0.1 close to the upper bounds [10], and the values of ΓHα are
given in Table I. The current lower bound on the doubly charged scalar mass set by the
TABLE I: The values of ΓHα for the various values of MHα.
|Yαee| MHα, GeV ΓT , GeV ΓΨ, GeV
0.1 200 0.359 0.358
0.1 400 0.736 0.716
0.05 200 0.091 0.090
0.02 200 0.015 0.014
0.005 200 0.0020 0.00090
0.002 200 0.0012 0.00014
direct search at the Tevatron in Fermilab is 136 GeV [18]. Since the doubly charged Higgs
bosons in Eqs. (2) and (3) couple to the different helicity states of the electron, the effects
lead to an opposite sign of AP . Thus, one can distinguish the two types of the interactions
based on the sign of AP around the resonance.
It should be stressed that these effects are strongly dependent on the values of the cou-
plings Yαee, since the non-SM effects are proportional to |Yαee|4, and the widths Γα(e±e±)
are proportional to |Yαee|2. This is shown for the resonance point of
√
s = MHα = 200 GeV
and the near one of
√
s = 202 GeV in Fig. 3. By taking into account the strong bounds in
Eq. (10) on the couplings gij ∼ YLij in Eq. (15), one may conclude that there is no chance to
observe the LRA due to the interaction in Eq. (2) for the triplet scalar in the near future.
On the other hand, the constraints on the interaction in Eq. (3) for the singlet scalar are
much relaxed [10], providing a good opportunity to detect the effects at the ILC in its e−e−
mode [19]. As illustrated in Fig. 3, in the case of Ψ there is not precisely a dependence
on |Yαee| in the resonance point of
√
s = MHα. This is because the factor |Yαee|4 in the
numerator and the factor |Yαee|2 in the width cancel each other.
We now consider the models that include the complex triplet and singlet bosons, simul-
taneously. In this kind of models, the two doubly charged Higgs bosons mix to each other
with the mixing angle δ to form the mass eigenstates P1, 2:
 P±±1
P±±2

 =

 cos δ sin δ
− sin δ cos δ



 T±±
Ψ±±

 . (16)
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FIG. 3: Ap versus cos θ and |Yαee| in the resonance point
√
s = MHα = 200 GeV (upper), the near
one of
√
s = 202 GeV (lower) with the doubly charged Higgs bosons from the triplet (left) and
singlet (right) scalars.
Therefore, the interactions in Eqs. (2) and (3) can be rewritten as
LLM = gijℓcLiℓLj(cos δP1 − sin δP2) + H.c.,
LRM = YijℓcRiℓRj(sin δP1 + cos δP2) + H.c. , (17)
which become the pure left- and right-handed interactions for the limit δ → 0, respectively.
Here, we will concentrate on the lighter massive state P1. The considered models share
both features of the models with only the interaction in Eq. (2) or (3). Due to the strong
constraint on the couplings in Eq. (2), these models can give a significant contribution only
to dσRR in Eq. (1), which tends to flip the sign of AP . On the other hand all the decay
channels in Eq. (8) are permitted for P1 due to the mixing in the doubly charged Higgs
sector.
In the model proposed in Refs. [9, 10], as there is no tree-level triplet Yukawa interaction
in Eq. (2), only the singlet interaction in Eq. (3) is allowed. In terms of the triplet gauge
couplings and singlet Yukawa couplings the decay channels P±±1 → ℓ±iRℓ±jR, P±±1 →W±W±,
P±±1 → W±P± and P±±1 → W±W±T 0a are permitted. We remark that the widths of these
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decays have an additional mixing-angle dependence compared with those in Eq. (9) [10]. As
shown in Fig. 4, the deviations from the SM, allowed by the present experimental bounds, can
be observed at the ILC. In our discussion, we have taken the upper bound of |Yee| = 0.2 [10]
and the small (large) mixing of sin δ = 0.1 (0.5). The values of ΓP1 are given in Table II.
TABLE II: The values of ΓP1 for MP1=200 and 400 GeV and sin δ=0.1 and 0.5.
sin δ MP1 , GeV ΓP1 , GeV
0.1 200 0.015
400 0.048
0.5 200 0.359
400 0.732
-1.0
-0.5
0.0
0.5
1.0
cosΘ
199.90
199.95
200.00
200.05
200.10
s HGeVL
-0.5
0.0
Ap
FIG. 4: AP in the general model at the resonance points of 200 GeV (left) and 400 GeV (right)
with small mixing and large mixing (see separate files alongside the text) angles.
The valleys in Fig. 4 are much wider in the case with the large mixing than those with the
small mixing. This can help us to clarify the mixing between the doubly charged scalars.
For example, Fig. 5 shows that it is easy to separate the model with the large mixing by
using the AP versus
√
s dependence, while models with the small mixing and pure singlet
(no mixing) are practically undistinguishable. Measuring of the width and height of the
resonance could determine Yαee and sin δ, which are relevant to the neutrino mixings.
The relative deviations of AP from the SM values of A
SM
P , defined by αP = (A
SM
P −
AP )/A
SM
P are given in Table III for various resonance energies
√
s at the maximum points of
cos θ = 0 with MP1 = 200 and 400 GeV and sin δ = 0.1 and 0.5. One can see that measuring
αP with 10% (1%) accuracy and fixing the energy with 1% accuracy or less allows one to
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FIG. 5: AP versus
√
s for MP1 = 200 GeV for pure singlet and small mixing (coincided solid lines),
large mixing (dashed line).
observe the resonance effects in the large (small) mixing. This accuracy can be achieved
with realistic polarizations for the initial electrons, since the beam energy and polarizations
are expected to be stable and measurable at a level of about 0.1% [13]. Taking the electron
longitudinal polarizations of 0.8 and assuming their systematic uncertainties of 0.5% [19], we
estimate that the corresponding uncertainty in measuring AP is about 1%. At the resonance,
the non-standard contributions to the LRA are dominant. The dependence on the mixing
angle in Eq. (11) almost disappears since the terms with YLij are small. For this reason, αP
is about the same for the different mixings at the resonance.
The integrated deviations α˜P = (A˜
SM
P − A˜P )/A˜SMP , with
A˜P =
σLL − σRR
σLL + σRR
, (18)
are given in the last three columns in Table III for the two types of mixing and the pure
singlet (sin θ = 1). In Eq. (18), we have integrated the differential cross sections over cos θ
in the range cos 1◦ to cos 179◦, since coverage down to ∼ 1◦ from the beam axis is expected
at ILC [14]. From Table III, we see that α˜P decreases with increasing MP1 and slightly
depends on the mixing angle.
In conclusion, we have investigated the contributions to the LRAs from the doubly
charged Higgs bosons in models with triplet and singlet scalar bosons, which couple to
the electrons with different chiralities in Mo¨ller scattering, respectively. We have found that
it is easy to extract the properties of the models with H±± interacting with eR from the
measurements of AP around the resonance point at the ILC, whereas it is hard to observe the
effects of the models with H±± coupled only to eL. As the models have different mechanisms
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TABLE III: Relative deviations αP of AP at cos θ = 0 for the various MP1 and mixings sδ ≡ sin δ
in and around the resonance energies. The integrated deviations α˜P of A˜P are also given.
MP1 , GeV
√
s, GeV αP , sδ = 0.1 αP , sδ = 0.5 α˜P , sδ = 0.1 α˜P , sδ = 0.5 α˜P , sδ = 1
200 200 0.47 0.47 38.0 41.4 41.6
200 ± 1 0.015 0.46
200 ± 2 0.004 0.41
200 ± 4 0.001 0.28
400 400 0.33 0.35 5.5 13.5 14.1
400 ± 1 0.039 0.35
400 ± 2 0.012 0.34
400 ± 4 0.003 0.30
for the generation of the neutrino mass, future searches for AP at the ILC are important
for us to understand the neutrino physics. Finally, we remark that the H±± masses for
the resonance studies at the ILC can be determined by the searches at the Large Hadron
Collider (LHC), such as the dilepton signatures at the LHC shown in Ref. [11].
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